
$WPRVSKHULF�1LWURJHQ
'HSRVLWLRQ�WR�WKH
&KHVDSHDNH�%D\

0DJJLH�.HUFKQHU��12$$��$LU�5HVRXUFHV�/DERUDWRU\
&KHVDSHDNH�%D\�2IILFH

3UHVHQWHG�WR
9LUJLQLD�6WDWH�$LU�$GYLVRU\�%RDUG

1RYHPEHU��������



2XWOLQH

½ %ULHI�%DFNJURXQG�RQ�WKH�&%3
½ $LU�'HSRVLWLRQ�&RPPLWPHQWV
½ 6RXUFHV�RI�1LWURJHQ�/RDGV�WR�WKH�%D\
½ ,QSXWV�WR�WKH�:DWHUVKHG�YV��'HOLYHUHG�/RDG�WR

:DWHU
½ %HQHILWV�RI�&$$�5HJXODWLRQV�WR�5HGXFH�1�/RDGV
½ *RLQJ�EH\RQG�&$$"
½ &$$�DQG�&OHDU�6NLHV
½ 8QFRQWUROOHG�1�(PLVVLRQV



&KHVDSHDNH�%D\�3URJUDP

8QLTXH�UHJLRQDO�SDUWQHUVKLS�IRFXVLQJ�RQ�UHVWRUDWLRQ
RI�WKH�&KHVDSHDNH�%D\��$�:$7(5�%$6('�352*5$0�
7KH�3URJUDP�SDUWQHUV�LQFOXGHG�
½ 0'��3$��9$��'&
½ &KHVDSHDNH�%D\�&RPPLVVLRQ��WUL�VWDWH�OHJLVODWLYH

ERG\�
½ 8�6��(3$��UHSUHVHQWLQJ�WKH�IHGHUDO�JRYHUQPHQW�
½ 3DUWLFLSDWLQJ�DGYLVRU\�JURXSV

%XW�12:�LW�DOVR�LQFOXGHV�'(��:9�DQG�1<�



&KHVDSHDNH�%D\���

½ /DUJHVW�HVWXDU\�LQ�WKH�8�6�
½ 2QH�RI�WKH�PRVW�SURGXFWLYH�LQ�WKH�ZRUOG
½ )LUVW�HVWXDU\�LQ�8�6��WDUJHWHG�IRU�UHVWRUDWLRQ�DQG

SURWHFWLRQ�
½ +LJKHVW�SULRULW\�KDV�EHHQ�WKH�UHVWRUDWLRQ�RI�WKH�%D\
V�OLYLQJ

UHVRXUFHV

½ 7KUHH�PDMRU�DUHDV�UHTXLULQJ�DWWHQWLRQ�
½ QXWULHQW�RYHU�HQULFKPHQW
½ /RVV�RI�XQGHUZDWHU�%D\�JUDVVHV
½ WR[LF�SROOXWLRQ�



$LU�&RPPLWPHQWV�XQGHU
:DWHU�4XDOLW\�*RDOV

�����&KHVDSHDNH�%D\�$JUHHPHQW�
³4XDQWLI\�WKH�LPSDFWV�DQG�LGHQWLI\�WKH
VRXUFHV�RI�DWPRVSKHULF�LQSXWV�RQ�WKH
%D\�V\VWHP�´



$LU�&RPPLWPHQWV�XQGHU
:DWHU�4XDOLW\�*RDOV

�����$PHQGPHQWV�
�7R�LQFRUSRUDWH�LQWR�WKH�1XWULHQW
5HGXFWLRQ�6WUDWHJLHV�DQ�DLU�GHSRVLWLRQ
FRPSRQHQW�ZKLFK�EXLOGV�XSRQ�WKH
IHGHUDO�&OHDQ�$LU�$FW�DQG�H[SORUHV
DGGLWLRQDO�LPSOHPHQWDWLRQ
RSSRUWXQLWLHV�WR�IXUWKHU�UHGXFH
DLUERUQH�VRXUFHV�RI�QLWURJHQ�HQWHULQJ
&KHVDSHDNH�%D\�DQG�LWV�WULEXWDULHV��



$LU�&RPPLWPHQWV�XQGHU
:DWHU�4XDOLW\�*RDOV

&KHVDSHDNH������$JUHHPHQW�
³%\�������DVVHVV�WKH�HIIHFWV�RI
DLUERUQH�QLWURJHQ�FRPSRXQGV�DQG
FKHPLFDO�FRQWDPLQDQWV�RQ�WKH�%D\
HFRV\VWHP�DQG�KHOS�HVWDEOLVK�UHGXFWLRQ
JRDOV�IRU�WKHVH�FRQWDPLQDQWV�´



6RXUFHV�RI�1LWURJHQ�/RDGV
WR�WKH�%D\

Other Nonpoint Sources (48%)

Point Source (20%)

Atmospheric (32%)
atmospheric
from land
(25%)

atmospheric
to water (7%)

-Wastewater
Treatment
Plants
-Industry

Fertilizer and - manure
-Septic tanks
-Natural Sources

-Vehicles
-Electric Utilities
-Industry

,

����PLOOLRQ�OEV��LQ�����



(VWLPDWLQJ�$WPRVSKHULF�1�/RDG

)LUVW��/HW¶V�/RRN�DW�WKH
$WPRVSKHULF�,QSXW«



(VWLPDWLQJ�$WPRVSKHULF�1�/RDG

��VRXUFHV�RI�LQIRUPDWLRQ�DUH�XVHG�WR
GHULYH�DWP��ORDG�
½5HJUHVVLRQ�DQDO\VLV�XVLQJ�GLVVROYHG
LQRUJDQLF�QLWURJHQ��12����1+���IURP
VHOHFWHG�1$'3�PRQLWRULQJ�GDWD�

½5$'0�HVWLPDWHV�RI�ZHW�GU\�IRU�QLWUDWH
DQG�DPPRQLXP��QR�DPPRQLD��

½/LWHUDWXUH�HVWLPDWHV�RI�RUJDQLF
QLWURJHQ�



$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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6RXUFH��5��'HQQLV��12$$�(3$�5HVHDUFK�7ULDQJOH�3DUN��1&

% CONTRIBUTION TO NITRATE DEPOSITION

WV
7%

NY
5%

Other
51%

balance of 
airshed

24%

DE
1%

MI
2%

TN
3%

KY
4%

IN
3%

NC
5%

OH
10%

PA
17%

VA
10%

MD
9%

%DVHG�RQ������12[�(PLVVLRQV�,QYHQWRU\%DVHG�RQ������12[�(PLVVLRQV�,QYHQWRU\

1LWURJHQ�'HSRVLWLRQ� �12����1+���2UJ�11LWURJHQ�'HSRVLWLRQ� �12����1+���2UJ�1



% CONTRIBUTION TO NITRATE DEPOSITION

WV
7%

NY
5%

Other
51%

MD
9%

VA
10%

PA
17%

OH
10%

NC
5%

IN
3%

KY
4%

TN
3%

MI
2%

DE
1%

balance of 
airshed

24%

%DVLQ�6WDWHV�����FRQWULEXWH�DOPRVW�KDOI�������RI�QLWUDWH�GHSRVLWLRQ�

6LJQDWRU\�6WDWHV�����FRQWULEXWH�URXJKO\�����

&DQ�EH�EURNHQ�RXW�E\�PDMRU�WULEXWDU\�EDVLQ�DQG�E\�VRXUFH�VHFWRU�

��&RQWULEXWLRQV�DUH�5HODWLYH�WR
���6WDWH�$LU�0RGHOLQJ�'RPDLQ�

%DVHG�RQ������12[�(PLVVLRQV�,QYHQWRU\%DVHG�RQ������12[�(PLVVLRQV�,QYHQWRU\

6RXUFH��5��'HQQLV��12$$�(3$�5HVHDUFK�7ULDQJOH�3DUN��1&



$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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$WPRVSKHULF�'HSRVLWLRQ 'HOLYHUHG�/RDG�WR�WKH�%D\�IURP�$OO�6RXUFHV

2I�WKH�WRWDO�QLWURJHQ�ORDG�GHOLYHUHG�WR
WKH�%D\������PLOOLRQ�OEV��IURP�DOO
VRXUFHV��DERXW����PLOOLRQ�OEV��RU����
LV�DWWULEXWDEOH�WR�DWPRVSKHULF
GHSRVLWLRQ���7KLV�LV�EDVHG�RQ�WKH
SURSRUWLRQ�RI�³DQWKURSRJHQLF´�LQSXWV�

1R�HVWLPDWH�RI�VWDWH¶V�UHODWLYH��
FRQWULEXWLRQ�WR�DWPRVSKHULF�ORDG�



%HQHILWV�RI�&OHDQ�$LU�$FW
5HJXODWRU\�3URJUDPV

:KDW�WKH�VFHQDULRV�VD\�
³,I�WKHVH�HPLVVLRQV�UHGXFWLRQV�IRUHFDVWHG

IRU�����������ZHUH�UHDOL]HG�WRGD\�������ODQG�XVHV��
GHSRVLWLRQ�DQG�ORDGV�WR�WKH�&KHVDSHDNH�%D\

ZRXOG�EH�������³

)RU�DOO�VFHQDULRV��ODQGXVHV��IHUWLOL]HU�DSSOLFDWLRQV��SRLQW
VRXUFHV��VHSWLF��DQG�%03�LPSOHPHQWDWLRQ�DUH�KHOG�FRQVWDQW
DW������OHYHOV���RQO\�DWPRVSKHULF�GHSRVLWLRQ�YDULHV�



$WPRVSKHULF�'HSRVLWLRQ�6FHQDULRV

12[�6,3������������
7KLV�PRGHO�UXQ�LV�WKH�%DVLF������&OHDQ�$LU�$FW�SURMHFWHG�IRU�WKH�\HDU

�����
7KLV�VFHQDULR�LQFOXGHV�UHJXODWLRQV�WKDW�KDYH�SDVVHG�
�����QRQ�XWLOLW\�DQG�DUHD�VRXUFH�HPLVVLRQV�
�����PRELOH�VRXUFH�ZLWK�7LHU�,,�WDLO�SLSH�VWDQGDUGV�RQ�OLJKW�GXW\�YHKLFOHV�
�����XWLOLW\�HPLVVLRQV��7LWOH�,9��$FLG�5DLQ�3URJUDP��IXOO\�LPSOHPHQWHG�
WKH����VWDWH�12[�6,3�FDOO�UHGXFWLRQV�#�������00EWX���2]RQH�VHDVRQ

�0D\�WR�6HSWHPEHU��FRQWUROV�RQO\�

7LHU�,,�������
7KLV�PRGHO�UXQ�LQFOXGHV�WKH�VFHQDULR�DERYH�3/86�QHZ�KHDY\�GXW\�GLHVHO

UHJXODWLRQV�E\������



$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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*RLQJ�%H\RQG
WKH�5HJXODWLRQV�"

$JJUHVVLYH�&RQWUROV�������
7KLV�VFHQDULR�LQFOXGHV�UHJXODWLRQV��12[�6,3��7LHU�,,��+''9��WKDW�KDYH

SDVVHG�3/86�XWLOLWLHV�JR�WR�������00EWX��DQG�\HDU�URXQG�FRQWUROV�

/LPLW�RI�7HFKQRORJ\�������
7KLV�PRGHO�UXQ�LQFOXGHV�WKH�VFHQDULR�DERYH�3/86
1RQ�XWLOLW\��LQGXVWULDO��SRLQW�HPLVVLRQV�FXW�DOPRVW�LQ�KDOI�IRU�ERWK�62

�
�DQG

12[�
6XSHU�XOWUD�ORZ�HPLVVLRQ�YHKLFOH�DVVXPHG�IRU�OLJKW�GXW\�YHKLFOHV�



$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�$QG�'HOLYHUHG�/RDGV
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$WPRVSKHULF�1LWURJHQ�'HSRVLWLRQ�WR�/DQG�DQG�:DWHU
DQG�'HOLYHUHG�/RDG�IURP�DOO�6RXUFHV
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�����12[�6,3
'HSRVLWLRQ

/RDG %DVHOLQH�:LWK
�����12[�6,3
��7LHU�,,��
'LHVHO

'HSRVLWLRQ

/RDG %DVHOLQH�:LWK
�����&$$��
$JJUHVVLYH

8WLOLW\
'HSRVLWLRQ

/RDG %DVHOLQH�:LWK
�����&$$��
$JJUHVVLYH

8WLOLW\��0RELOH�
,QGXVWULDO
'HSRVLWLRQ

/RDG
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)RUHVW $JULFXOWXUH 8UEDQ 0L[HG�2SHQ 3RLQW�6RXUFH 6HSWLF $WPRVSKHULF�'HSRVLWLRQ�7R�$OO�:DWHU



7KH�&OHDQ�$LU�$FW�DQG�&OHDU�6NLHV

3URMHFW�'HVFULSWLRQ

½ (VWLPDWH�DQG�FRPSDUH�WKH�EHQHILWV�RI�QLWURJHQ�HPLVVLRQV�UHGXFWLRQV
DVVRFLDWHG�ZLWK�WKH�H[LVWLQJ�&OHDQ�$LU�$FW�DQG�WKH�&OHDU�6NLHV�RQ�ZDWHU
TXDOLW\��LQ�WHUPV�RI�GHOLYHUHG�QLWURJHQ�ORDGV�WR�WKH�&KHVDSHDNH�%D\��
� GRHV�QRW�DGGUHVV�EHQHILWV�WR�KXPDQ�KHDOWK��DLU�TXDOLW\��YLVLELOLW\��IRUHVW�KHDOWK�

HWF�

½ 7KH�VRXUFH�RI�WKH�GHSRVLWLRQ�GDWD�LV�(3$�+HDGTXDUWHUV�
� 'HSRVLWLRQ�RI�QLWURJHQ�VSHFLHV�WR�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG��FDPH�IURP

5(06$'�00����ZKLFK�YDULHG�JUHDWO\�IURP�GHSRVLWLRQ�HVWLPDWHV�IURP�5$'0�
� 7R�FRPSHQVDWH�IRU�GLVSDUDWH�PRGHOV��FRUUHFWLRQ�IDFWRUV�ZHUH�GHWHUPLQHG�IURP

WKH�WZR�PRGHOV¶�GHSRVLWLRQ�UDWHV�IRU�WKH�OLNH�\HDU������DQG�DSSOLHG�WR�DOO�&OHDQ
$LU�$FW�DQG�&OHDU�6NLHV�VFHQDULRV�



&OHDU�6NLHV�DQG�WKH�&OHDQ�$LU�$FW

&KHVDSHDNH�%D\�:DWHUVKHG�0RGHO�6FHQDULRV

½ )RXU�VFHQDULRV�ZHUH�VLPXODWHG�
� �����&$$�±������SURMHFWHG�HPLVVLRQV�ZLWK�H[LVWLQJ�&OHDQ�$LU�$FW�FRQWUROV

⇒�VHDVRQDO�12[�6,3�FDOO��$FLG�5DLQ�FRQWUROV��7LHU�,,�WDLOSLSH�UXOHV��DQG
+HDY\�'XW\�'LHVHO�(QJLQH�VWDQGDUGV�

� �����&$$�ZLWK�&OHDU�6NLHV�±������SURMHFWHG�HPLVVLRQV�ZLWK�&OHDU
6NLHV�HQKDQFHG�&OHDQ�$LU�$FW�FRQWUROV�⇒�ZLWK�&OHDU�6NLHV�FDSV�RQ�XWLOLWLHV�
$FLG�5DLQ�FRQWUROV��7LHU�,,�WDLOSLSH�UXOHV��DQG�+HDY\�'XW\�'LHVHO�(QJLQH
VWDQGDUGV

� �����&$$��������SURMHFWHG�HPLVVLRQV�ZLWK�H[LVWLQJ�&OHDQ�$LU�$FW�FRQWUROV
� �����&$$�ZLWK�&OHDU�6NLHV��������SURMHFWHG�HPLVVLRQV�ZLWK�&OHDU

6NLHV�HQKDQFHG�&OHDQ�$LU�$FW�FRQWUROV�⇒�PRUH�VWULQJHQW�FDSV�RQ�XWLOLWLHV
WKDQ������&OHDU�6NLHV



&OHDU�6NLHV�DQG�WKH�&OHDQ�$LU�$FW

0RGHO�6FHQDULRV

½ $OO�VFHQDULRV�DUH�FRPSDUHG�WR�D�<HDU������EDVHOLQH�

½ 5HSRUWHG�UHVXOWV�LQFOXGH�QLWURJHQ�GHSRVLWLRQ�WR�WKH�ZDWHUVKHG��DQG�GLUHFW
ORDG�WR�WKH�WLGDO�ZDWHUV�

½ )RU�DOO�VFHQDULRV��ODQGXVHV��IHUWLOL]HU�DSSOLFDWLRQV��SRLQW�VRXUFHV��327:�DQG
LQGXVWULDO�GLVFKDUJHV���DQG�%03�LPSOHPHQWDWLRQ�OHYHOV�ZHUH�KHOG�FRQVWDQW��
2QO\�DWPRVSKHULF�GHSRVLWLRQ�YDULHG�

:KDW�WKH�VFHQDULRV�VD\��IRU�H[DPSOH��LV�

³,I�&OHDU�6NLHV�HPLVVLRQV�UHGXFWLRQV��SURMHFWHG�WR�RFFXU�E\������
ZHUH�UHDOL]HG�WRGD\���������ORDGV�WR�WKH�&KHVDSHDNH�%D\�ZRXOG�EH�������³



&KHVDSHDNH�%D\�:DWHUVKHG�

$WPRVSKHULF�1LWURJHQ�,QSXWV�$QG�'HOLYHUHG�/RDGV
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1LWURJHQ�/RDGV�'HOLYHUHG�WR�WKH�&KHVDSHDNH�%D\
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&OHDU�6NLHV�DQG�WKH�&OHDQ�$LU�$FW

5HVXOWV

½ )XOO�LPSOHPHQWDWLRQ�RI�&OHDU�6NLHV�E\�������ORZHUV�QLWUDWH�GHSRVLWLRQ
WR�&%�E\�DERXW�����PLOOLRQ�SRXQGV�SHU�\HDU�IURP�FXUUHQW�DWPRVSKHULF
LQSXWV�

½ 7KLV�LV�URXJKO\����PLOOLRQ�SRXQGV�SHU�\HDU�������PRUH�WKDQ�ZKDW�LV
SURMHFWHG�WR�EH�DFKLHYHG�XQGHU�WKH�H[LVWLQJ�&$$�E\������

½ $VVXPLQJ�WRGD\¶V�ODQG�XVH�FRYHU��WKLV�GHSRVLWLRQ�UHGXFWLRQ�ORZHUV
QLWUDWH�ORDGV�WR�WKH�%D\�E\�DSSUR[�����PLOOLRQ�SRXQGV�SHU�\HDU�IURP
FXUUHQW�OHYHOV��RU����PLOOLRQ�SRXQGV�SHU�\HDU������EH\RQG�ZKDW�LV
DQWLFLSDWHG�XQGHU�WKH�H[LVWLQJ�&$$�



8QFRQWUROOHG�1LWURJHQ�(PLVVLRQV

:KDW�$ERXW�$PPRQLD"



'HQVLW\�0DS�RI������$PPRQLD�(PLVVLRQV
E\�&RXQW\

)URP�(3$¶V�5HSRUW��1DWLRQDO�$LU�3ROOXWDQW�(PLVVLRQV�7UHQGV�����������

5HG� �!����WRQV�VT��PLOH� �\HOORZ� �!����WRQV�VT��PLOH

*UHHQ� �!����WRQV�VT��PLOH� �OLJKW�EOXH� �!�����WRQV�VT��PLOH



1$'3�171�,VRSOHWK�0DS

6DPSVRQ
&RXQW\��1&



1RUWK�&DUROLQD�6ZLQH�0DS



8VLQJ�WKH�&DUQHJLH�0HOORQ�8QLYHUVLW\�$QDO\VLV

$GM�OLYHVWRFN�1+��WRWDO
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